ABSTRACT. Chitosan, a polymer of D-glucosamine, is a polysaccharide derived from the chitin found in the exoskeleton of shellfish, such as shrimp or crabs. The effects of chitosan has been recognized that chitosan-fed farm animals demonstrated higher weight gains but less incidence of diseases than the unfed ones. However, these beneficial effects has not been elucidated clearly. In this study, we examined the modulatory effect of chitosan and D-glucosamine on the expression of porcine cytokines in vitro. Porcine spleen cells were cultured in the presence of chitosan and D-glucosamine, and the effects of chitosan on the cytokine mRNA expression were evaluated. Expressions of IL-2 and IFN-γ were increased in the chitosan-treated porcine spleen cells. Expressed cytokines in the D-glucosaminetreated cells were IL-2, IFN-γ, and IL-12 p40 subunit. In particular, IFN-γ was expressed more efficiently, and D-glucosamine was more effective for expressing the cytokine gene. These results suggest chitosan as well as D-glucosamine could induce the expression of cytokines as Th1 subset such as IL-2, IFN-γ. KEY WORDS: chitosan, D-glucosamine, porcine cytokine expression.
T lymphocytes, which secrete different cytokines, are divided into two subsets, designated as Th1 and Th2 (16) . Th1 subset cells are responsible for cell-mediated immune functions and the production of opsonization-promoting IgG antibodies [16] . They secrete cytokines such as interleukin-2, interferon-γ, tumor necrosis factor-β and granulocyte and macrophage colony-stimulating factors. On the other hand, Th2 subset cells, which secrete cytokines such as interleukin-4, interleukin-5 and interleukin-10, are responsible for inducing humoral immunity, including the activation and differentiation of eosinophils, and providing help to B cells. Th1 and Th2 cytokines have mutual inhibitory relations in regulating immune responses. In addition to the cross-regulation of the Th1 and Th2 subsets, progression of a number of diseases depends on the balance between the Th1 and Th2 cytokines [16] .
Chitosan, a polymer of D-glucosamine, is a natural product derived from chitin, a polysaccharide found in the exoskeleton of shellfish such as shrimps and crabs, and is chemically similar to plant fibers. The antimicrobial activity of chitosan was well-observed on a wide variety of microorganisms including fungi, algae, and some bacteria [3] , and generally accepted to increase the weights gain of economic farmed animals. Chitin and its derivates have also been reported to have a cancer therapeutic effect on the Meth-A tumor in BALB/C mice [5, 13] . DNA fragmentation, which is a characteristic of apoptosis, and elevated caspase-3-like activity were observed in chitosan-treated cancer cells [5] . Moreover, chitosan was also reported to have adjuvant activity in a vaccine [15] , and its microparticles suitable for oral vaccination using ovalbumin as a model vaccine [20] . In addition, co-administration of chitosan and its derivates was considered to improve the bioavailability of many perorally administered peptide drugs for mucoadhesive property [1] . Chitosan is also known to stimulate the secretion of cytokines and induce cytotoxic macrophage [13, 14, 22] . Although it is generally recognized that chitosan-fed animals exhibit an improved health state, how the chitosan-treatment exerts the beneficial effect in animal has not been defined. Therefore, the modulatory effect of chitosan and D-glucosamine on the expression of porcine cytokines, including IFN-γ, IL-2, IL-4, IL-5, IL-6, IL-10 and IL-12 in vitro was examined in this study.
Spleen cells were obtained from 2-3 months old conventional pigs. Eight pigs were used in this study. The spleen cells were prepared from a piece of spleen by grinding it on metal mesh in complete RPMI 1640 medium. They were treated with RBC lysis buffer (0.145 M NH 4 Cl, 0.017 M Tris (pH 7.65), pH 7.2) for 2 min at room temperature. And then, the cells were underlayed with FBS and centrifuged at 300 × g for 10 min. They were washed twice with the complete RPMI 1640 medium. They were counted by the trypan-blue exclusion method and then seeded in 25-cm 2 tissue culture flasks at about 5.0 × 10 6 cells/ml [10] . Chitosan was provided by Bio-Resourse Inc. (Seoul, Korea). The spleen cells were divided into three groups. The first group cells were used as untreated control cells. The second and third groups cells were treated with 0.001 and 0.005-diluted chitosan, respectively. D-glucosamine (Sigma Co., St. Louis, MO, U.S.A.) was used to stimulate the spleen cells. The spleen cells were also divided into three groups. The first group cells were used as the untreated control cells. The second and third group cells were treated with 5 and 50 µg/ml diluted D-glucosamine, respectively. All cells were then incubated for 24 hr at 37°C in 5% CO 2 .
The stimulated spleen cells were harvested for total RNA extraction. Total RNA was isolated from the control and the experimental cells treated with chitosan and D-glucosamine using Trizol Reagent (Gibco, Gaitherburg, MD, U.S.A.). The RNA pellets was washed once with 75% ethanol and dissolved in DEPC-treated water. The RNA was treated with 2 units of RNase-free DNase for 30 min at 37°C to remove the residual DNA, and was purified again with Trizol Reagent.
High concentration of chitosan aggregated the total mRNA pellet and produced a yellowish pellet, which was insoluble in sterilized water. This aggregation was changed into soluble state in sterilized water through incubating at 60°C for 10 min. Single-stranded cDNA was made using the Superscript Preamplication System for First Strand cDNA Synthesis Kit (Gibco, Gaitherburg, MD, U.S.A.). Briefly, 5 µg of RNA was incubated for 50 min at 42°C in the presence of 10 × RT buffer, 25 mM MgCl 2 , 10 mM dNTP, 0.1 M DTT, and 50 units of Superscript II RT. Samples were treated with 2 units of RNaseH for 20 min at 37°C, and synthesized single-stranded cDNA was used as a template in the PCR. Each cytokine gene expression was examined through PCR amplication (45 cycles) with its respective cytokine-specific primer set ( [21] .
All PCR products were electrophoresized in 1.5% agarose gel and examined under UV light after ethidium bromide staining. Densities of the expressed cytokine genes bands were divided by that of the control housekeeping gene, cyclophilin A in order to normalize the expression levels of cytokine gene.
Specificity of PCR reactions for the detection of expressed cytokines and cyclophilin A genes with each gene-specific primer set and cDNA made from mRNA of PHA-stimulated porcine PBMC under each gene-specific condition (Fig. 1) . This result indicated that the PCR conditions used in this study were suitable for the detection of expressed cytokine mRNA in the porcine spleen cells. Also, the expression levels of cyclophilin A as a house-keeping gene were consistent in the control, and the chitosan-or Dglucosamine-treated cells (data not shown).
Optimal stimulating time was determined by analyzing the gene expression at different time intervals. After stimulating for 2, 4, 24, 48, and 72 hr, the optimal expression of cytokine was observed firstly and the most clearly at 24 hr after stimulation. Therefore, incubation time of spleen cells with stimulation was 24 hr in other experiments.
Expressed cytokines in the D-glucosamine-treated cells were IL-2, IFN-γ, and IL-12 p40 subunit. Increased expression levels of IL-2, IFN-γ, and IL-12 p40 subunit were evident in cells stimulated with 50 µg/ml D-glucosamine (Fig.  2) . Although expressions of IL-2 and IFN-γ were not increased in cells treated with 5 µg/ml D-glucosamine, they were sharply elevated in 50 µg/ml D-glucosamine-treated cells. In contrast, IL-12 p40 subunit expression was continually increased in D-glucosamine-treated cells in a dosedependent manner. Other cytokines, including IL-4, IL-5, IL-6, IL-10, and IL-12 p35 subunit were not expressed in Table 1 . Oligonucleotide sequences of the primers used in this study Expression level of IFN-γ was increased in porcine spleen cells treated with 0.005% chitosan, while IL-2 expression was increased in cells treated with 0.001 and 0.005% chitosan (Fig. 3) . However, the overall expression level of IL-2 was lower than that of IFN-γ. Other cytokines, such as IL-4, IL-5, IL-6, IL-10, IL-12 p35, and the IL-12 p40 subunit, were not expressed in cells treated with chitosan (data not shown).
This study demonstrates the increased expression of cytokine mRNA in porcine spleen cells treated with chitosan and D-glucosamine. Spleen cells were stimulated with chitosan and D-glucosamine for 24 hr, which was determined to be the optimal time by preliminary study. In total RNA isolation, chitosan aggregated the mRNA more than D-glucosamine, possibly due to the positive polarity of chitosan at the deacetylated site inducing the aggregation of the negative-charged mRNA [1] .
Genes of IL-2, IL-12 p40 subunit, and IFN-γ were expressed through the treatment of chitosan or D-glucosamine. IFN-γ gene was commonly expressed by both treatments. The expression of IL-2 was lower than that of IFN-γ in the chitosan-treated cells. Highest gene expressions of IL-2 and IFN-γ were shown at 50 µg/ml of D-glucosamine. It is believed that IFN-γ is the major cytokine secreted by spleen cells treated with chitosan or D-glucosamine.
The expressed cytokines including IL-2, IFN-γ and the IL-12 p40 subunit belong to the Th1 subset. Th1 subsets are responsible for various cell-mediated functions including the activation of Tc cells. In particular, IL-12 p40 subunit, which is secreted by D-glucosamine-treated spleen cell, at first activates the T-cells and produces IL-2 and IFN-γ [15] . On the other hand, IFN-γ activates macrophages and stimulates the cells to secrete cytokines, such as IL-12. These results indicate the cytokines secreted through the chitosan treatment might induce cell-mediated immunity.
IFN-γ gene was expressed in both spleen cells treated with chitosan and treated with D-glucosamine. However, the IFN-γ-specific band appeared more frequently in spleen cells treated with D-glucosamine than with chitosan. IL-2 gene was also expressed in both treated cells, although the tendency of expression was different. It may be assumed that the biological effect of chitosan is related to its molecular weight. Chitosan has a tendency to increase affinity to LPS through its molecular mass [4] and pentamer and heptamer chitosan units seem to have better antifungal actions than the larger units [3] . Thus, the smaller the molecular weight, the more biological effects were observed.
In summary, the porcine spleen cells treated with chitosan and D-glucosamine expressed mRNA of IL-2, IFN-γ, and IL-12 p40 subunit. IFN-γ was secreted more efficiently, and Freshly acquired porcine spleen cells were divided into three groups. Each group was incubated for 24 hr at 37°C in a 5% CO 2 incubator. The spleen cells were harvested, and singlestranded cDNA was synthesized. First group, untreated control cells; Second group, 5 µg/ml D-glucosamine-treated spleen cells; Third group, 50 µg/ml D-glucosamine-treated spleen cells. 
